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ABSTRACT 


This  work  describes  and  i  l  l  ust  rat ea  >  a  methodology 
for  determining  command#  control#  and  fcom;mU.’ni  c'at  i  ons 
(C3T  requirements  for  remotely  oiloted  aircraft  CRPA). 
The  effort  Has  been  restricted  to  airborne  platforms  .land 
the  i nvest  i pat.i on  of  the  following  issues*  manned  versus 
unmanned  aircraft?  unmanned  aircraft  as  weaoon  delivery 
o  1  at  form  *  unmanned  aircraft  as  WECON/DESIGMATIDI^  platform; 
C3  requirements  for  unmanned  aircraft#  and  unmanned  aircraft 
system  cost  effectiveness. 

Warsaw  Pact  forces  will  be  led  and  employed  according  to 
Soviet  ooerational  doctrine  which  calls  for  offensive 
ooerations  with  hiahlv  mobile#  deeply  echeloned#  and 
numerically  suDerior  land  forces#  suoported  by  air  and  sea 
Dower.  This  massive  enemy  threat  indicates  a  requirement 
that  the  maximum  number  of  forces  be  detected#  identified# 
and  destroyed  prior  to  enqaaina  friendly  fb'rees. 
Destruction  of  enemy  forces  can  be  accomplished  with 
artillery#  attack  helicopters#  and  close  air  support#  if 
those  tarqets  can  be  identified  and  located  with  sufficient 
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•  impoquctiom 

This  work  describes  and  illustrates  a  methodology 
Tor  determining  command,  control*  and  communications 
(C3)  requirements  for  remotely  piloted  aircraft  (RPA). 
The  effort  has  been  restricted  to  airborne  platforms  and 
the  investigation  of  the  followina  issues* 

1«  banned  versus  Unmanned  Aircraft 

2.  Unmanned  Aircraft  as  ^eaoon  Delivery  Platform 

3.  Unmanned  Aircraft  as  PECON/DE  SIGMA  rillN  Platform 

a.  G3  Peouiremenfs  for  Unmanned  Aircraft 

5.*  Unmanned  Aircraft  System  Cost  Effectiveness 

The  initial  portion  of  the  article  discusses  some  of 
the  factors  contribution  to  the  current  renewed 
interest  in  unmanned  aircraft  as  related  to  future  combat 
environments  and  the  threat  which  may  be  involved  at  toe 
initiation  of  hostilities.  This  is  followed  by  an  analysis 
of  the  issues,  a  descriotion  pf  a  methodology  for 
determinina  C  .3  requirements  for  unmanned  aircraft  and 
finally  by  a  summary  concerning  the  issue  of  system  cost 
e  f  4ec  t i veness « 
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CHAPTER  II.  PACKf, SOUND  OF  UNMANNED  AIRCRAFT 


During  the  seat  <ew  years  the  term  "remotely 
piloted  vehicle"  (RPV)  h«9  been  used  as  a  descriptor  for 
unmanned  aircraft  which  have  a  human  operator  that 
monitors  and  controls  their  missions#  while  the  term 
"drone"  nas  been  used  to  describe  unmanned  aircraft 
whose  missions  were  creoroorammed.  The  critical  feature  is 
not  whether  rnese  vehicles  are  classified  a3  RPV  or 
drone  since  such  classifications  are  strictly  dependent 
on  the  desired  mission  rasks#  but  rather  that  they  are 
unmanned#  and  thud#  may  cost  and  operate  differently  than 
their  manned  aircraft  coun t eroa r t s .  During  the  remainder 
of  this  article  the  term  "unmanned  aircraft"  will  be  used  in 
a  verv  general  way  to  describe  both  RPV  and  drone  type 
aircraft  which  are  unmanned  and  perform  either  one-way  or 
two-way  missions  as  remotelv  piloted  aircraft  (RPA). 

Unlike  nuclear  weapons  and  i nt ercon t i nen t a  1 
ballistic  missiles  (ICRMs)#  unmanned  aircraft  are  not  a 
sudden  and  dramatic  technical  breakthrough.  They  are  a 
system  whose  time  has  come  because  of  a  fortunate 
confluence  of  advances  in  technology  which  can  provide  a 
new  military  system  capable  of  matching  the  trends  of 
modern  warfare.  worm*n  Augustine#  Under  Secretary  of  the 
Arrry#  described  these  trends  as  a  high  rate  of 
attrition  in  combat#  vast  Soviet  numerical  superiority  in 


weapons#  ani  the  critic#!  role  of  tactical  and  technical 
surnri )#.[!! , 

'while  the  idea  of  a  te  1  #v  i  s  i  on»eou  i  oped  radio* 


control  led 

a i po 1 ane 

dates  back 

to  192<4  in 

e 

Hugo 

Gernsbec  k 

magazine  article  121#  the 

actual  f i rst 

use 

i  n 

World  war 

II  hao 

poop  resu 1 t  s  . 

Tecnnol ogy 

was 

not 

adequate 

to  provide 

the  oerformance#  accuracy# 

and 

re  1  i  at)  i  1  i  t  v  leaned  for  an  effect  i  v  o  H  P  a  . 

Vietnam  saw  extensive  use  of  Firebee  target  drones 
flyina  oreoroorammea  reconna  issance  missions.  The 
oerformance#  reliability#  and  survivability  of  these 
drones  indicated  that  the  RPA  was  practical.  In  the  1973 
Arab-Israeli  war#  the  improvised  use  of  RPA  demonstrated 
a  Potential  counter  to  the  devastating  capability  of 
modem  air  defense  systems.  1 3 1  • 

Unmanned  aircraft  can  be  assigned  a  wide  variety 
of  missions.  These  can  be  considered  in  terms  of 
mi s 3 i on  intent.  In  tne  classical  manner  missions  may  bo 
viewed  as  beino  either  strategic  or  tactical  in  nature. 
In  either  case  the  missions  may  or  may  not  include  ordnance 
del i very . 

Modern  technology  has  enabled  unmanned  aircraft  to 
perform  reconnaissance#  taraet  designation#  attack#  and 
electronic  warfare  missions.  when  used  for  reconnaissance 
and  attack  missions#  target  acquisition#  atmospheric 


research  and 

laser  des innation# 

the 

HP  A '  S 

versatility 

i  n 

size  end 

performance  make 

them 

an 

a! ternat i ve 

to 

manned  a  i  r  c  r  a  f  t  in  many  situations. 

There  is  a  rather  clear  division  of  unmanned  aircraft 
into  two  classes:  high  anci  low-performance.  Hi  gh- 

oar f ormance  RPA  are  adaotaMons  or  derivatives  of  present 
subsonic  and  supersonic  air  target  drones.  These  RPA 
can  perform  reconnaissance,  target  designation.  target 
attack,  and  electronic  warfare  missions  which  in  the  Past 
have  been  the  exclusive  domain  of  manned  aircraft. 

m i nh-oer f ormance  RPA  are  a  highly  desirable  alternative 
to  manned  aircraft  when! 

t.  the  tactical  situation  reouires  more  aircraft  than 
are  available  for  c n  be  afforded)  from  the  manned 
aircraft  fleet, 

2.  the  Probability  1  !■  loss  of  the  mission  aircraft  is 
areater  than  can  be  accented;  and/or 

3.  the  mission  can  be  executed  by  RPA  at  a  lower  total 
system  cost  than  by  a  manned  aircraft. 

The  1 ow -oe r f o rmanc e  ,  or  "mini  RPA"  is  a  high 
technology  military  version  of  the  model  airplane.  While 
the  ultimate  uses  of  this  RPA  remain  to  be 
determined,  its  many  possibilities  are  excitina  and 
offer  oooor t un i t i es  to  increase  the  comhat  effectiveness 
of  our  qround,  naval,  and  air  force  at  a  very  modest 
eost.CO],  Depending  uoon  mission  and  configuration. 
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mini-WPA,  can  oroy-ide  an  abundant*  'om  cost  alternative  to 
f  i  xe<H .  and  r‘ota*v  wing  aircraft  for  reconnaissance* 
tarc/e1  acquisition  and  desianation,  and  electronic 
warfare  ooeration'i.  In  an  attack  'node*  as  a  kamikaze 
precision  ou'oeci  munition*  they  may  be  used  to 
suopl emadt  r  *  <,  reolace  ouided  bombs*  air-to-surface  and 

.sur'f  abe-to^sur  f  ace  missiles*  and  cannon-1  aunched 

\  {  \':  « 

e rn  i  ect.t  IV  s  .  ( 5 )  . 

,  .  f  . '  1  * . 

>*■>  1  T^Sre^  fundamental  factors  have  heloed  to  focus 

,  ••  •  V  .  i 

’  *  \  t 

t be  interest  now  seen  in  tne  possible  military  use  of  the 
;&P4: 

.  .  v< 

\\\ 

i  < 

1.  The  increasing  lethality  of  anti-aircraft  defenses. 


2.  The  oresent  level  of  aircraft  and  equipment  costs. 


5.  The  technological  advances  of  electronic  ana 

avionic  enuioment. 


T*>e  P°4  offers  the  ootential  for  counteract  i  ng 
enemy  ground-to-air  defense  systems  while  reducing 


Personnel  losses 


CHARTER  in 


analysis  OF  THt  ISSUES 


The  choices  facina  dec  i  s  i  on-makers  concerning 
weaoons  systems  that  may  helo  shane  the  the  roles  that 
U.  S.  forces  olav  in  future  confrontations  are 
comole*  and  critical.  Peoardless  of  the  final  arsenal 
assembled*  at  the  ti"-e  hcs  r i 1 i ♦ i es  are  initiated*  asoects  of 
command*  control /  and  commun i c a t i ons  (C3)  will  impact  the 
total  caoabilities  of  the  U.  S.  forces. 

For  examole;  in  Euroee*  choices  of  this  nature  deoend  on 
an  assessment  not  only  of  costs*  but  also  of  the 
military  caoabilities  of  the  alMes  and  the  Warsaw  Pact. 
Assessment  of  allied  caoabilities  is  necessary  because  the 
re  1  at i onsh i o  amona  NATO  forces  in  the  Central  Region  is 
such  that  a  weakness  in  one  sector  of  the  front 
could  threaten  the  defense  of  the  entire  front. 

A.  FIRFPOrtER  IHPFAT  (N  EUROPE 

F i reoower  and  maneuver  are  two  of  the  essential 
elements  of  modern  qround  combat.  Although  maneuver  brings 
fi reoower  to  bear  on  enemy  taraets*  it  is  the  aoplication  of 
fi reoower  that  destroys  those  taraets. 

Direct  fire  around  forces  almost  certainly  can 
deliver  more  sustained  fi reoower  and  destroy  enemy 
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armored  formations  more  effectively  than  close  air  suooort 
fo rees  of  enual  cost.  However,  ground  forces  lack  the 
capability  of  di rrorne  fireoower  assets  to  cover  long 
distances  ou i c  k 1 y ,  to  meet  an  attack  or  to  carry  the  battle 
to  the  enemy. 

Firepower  assets  can  also  be  defined  in  terms  of 
how  ouic^lv  they  can  be  fcrouoht  to  bear  in  the  European 
Central  Peoion.  "Immediately  availanle  assets"  are  those 
attached  to  active  ground  and  air  forces  located  in 
Central  F.urone.  "Early  re  i  n  f  o  rc  <»men  t  s "  can  be  described  as 
those  around  and  air  un  i  t  s  that  can  be  sent  to  the 
Centra*  region  in  a  #ew  days  or  a  week---for  example,  allied 
readv  reserve  units  in  Eurooe,  U.  S.  tactical  air 
squadrons  based  in  the  United  States,  and  airlifted  U.  S. 
ground  forces  whose  heavy  equipment  is  stored  in  Eurooe • 
"Later  reinforcements,"  such  as  I*.  S.  ground  forces 
travelling  by  sea,  are  those  that  take  weeks  to  complete 
the  move  to  Euroce. 

The  United  States  and  its  NATO  allies  appear  to  be  at 
a  numerical  disadvantage  in  immediately  available  ground 
force  fireoower  weapons  when  compared  to  the  Warsaw  Pact. 
This  aooerent  disparity  may  he  exaggerated  by  differences 
in  the  duality,  doctrine,  roles,  and  organization  of 
NATO  and  Warsaw  Pact  forces.  Whether  the  overall 
balance  is  unfavorable  or  not.  However,  Warsaw  Pact 
forces  could  nossibly  gain  a  significant  local 
advantage  over  NATO  by  massing  for  an  attack,  thus 
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creating  a  need  for  quick  re  i  n  f  o  rc  <?men t  s  . 

Although  the  Pact's  initial  numerical  advantage  seems 
to  t>e  '  w  i  de  1  v  accreted,  factors  other  than  numbers  of  weapons 
in  units  also  affect  the  balance  of  f i reoower 
capabilities  between  ruro  ana  the  Warsaw  Pact.  One  such 
factor  is  the  aualitv  of  arms.  For  example#  not  onlv  do  the 
Soviets  have  more  artillery#  but  several  of  their 
weacons  have  or«ater  #ano/?s  ana  rates  of  fire  than  MATO 
artillery,  (hi.  On  tr,e  otner  hand#  almost  all  MATO 
artillery  in  Euroor  is  se 1 f -c roce 1 1 ed  and  has  some  armor 
platina#  mak i nc  it  less  vulnerable  to  enemy  fire  than 
the  bulk  of  Soviet  artillery#  which  lacks  crew  protection. 

Ooctcine  also  affects  the  fireoower  balance.  The 
Soviets  emphasize  conduction  offensive  operations  at  the 
earliest  possible  moment  in  the  conflict#  and  thev  stress 
achieving  fire  superiority  over  the  enemy.  Soviec 
doctrine  for  af t sinino  this  superiority  emphasizes  massinq 
larne  numbers  of  arti'lerv  at  the  breakthrouah  point# 
conduction  a  prolonned#  intense  artillery  barraoe  to 
destroy  enemy  stronnooints  and  disrupt  enemy  control  and 
re i n f o rc emen t »  and  then  attackinq  immediately  with 
tanks  and  motorized  infantry  alooa  the  Path  preoared 
bv  the  artillery  barrage.  (7].  This  doctrine  for 
artillery  fire  and  the  less  sophisticated  Pact  ammunition 
make  it  necessary  for  the  Pact  to  use  large  amounts  of 
artillery.  These  nuns  deliver  an  enormous  volume  of  fire  on 
large  areas  of  the  battlefield  rather  than  on  particular 


t  araet  * 


NATO  doctrine/  on  the  other  hand/  emphasizes 
usinq  artillery  to  attack  particular  battlefield 
raroets  that  threaten  qrouni  forces.  The  superior  accuracy 
and  lethality  of  NATO  artillery  weaoons  is  expected  to 
permit  these  tarqets  to  he  destroyed  without  employing 
prolonged/  disruptive  fire  over  larqe  areas  of  the 
battlefield. 

Son e  tyces  o*  weapons~~-espec i a  1  1 v  antitank 
guided  munitions  (  .  TGMs ) ---anoea r  particularly  suited  to 
defensive  operations/  while  other  weaPons-"*e3pec i el  1 y 
tanks---are  often  reqarded  as  most  effective  for 
offensive  maneuvers.  Thus  in  assessinq  Soviet  and  NATO 
firergwer  caoah i 1 i f i es #  it  mav  be  misleading  to  rely 
solely  on  direct  comparisons  of  their  tanks/  without 
considering  that  the  defensive  advantages  of  NATO 
antitank  missiles  may  partially  compensate  for  Soviet 
advantages  in  numbers  of  tanks. 

A  fourth  factor  in  the  firepower  balance  is 
the  organization  of  fireoower  assets.  The  Warsaw 
Pact's  fireoower  assets  are  organized  to  attack  or 
defend  in  a  depth  of  two  or  three  ranks  or  "echelons." 
Conseauent 1 y ,  only  a  Portion  of  the  entire  force  is 
directly  enaaaed  with  enemy  forces  at  any  one  time.  When 
units  of  the  first  echelon  have  become  ineffective 
through  combat  losses/  they  are  replaced  by  units  from  the 
second  echelon.  The  second  echelons  take  uo  the  fight 


until  they#  in  turn,  need  r#cl sce^ent  •  Units  pulled  back 
to  the  rear  are  rebuilt  end  mane  ready  to  reloin  the 
battle.  This  "unit  replacement"  aooroech  permits  Warsaw 
Pact  forces  to  enogoe  in  continuous  ground  combat  while 
attempt ina  to  maintain  a  fairly  hiqh  level  of 
e  f  f ec  t i veness  * 

In  contrast#  rather  than  du 1 1 i no  entire  units  out  of 
the  line#  NS  TO  around  forces  are  expected  to  rent  ac# 
comoat  losses  on  an  individual  and  continuous  basis. 
Thus#  a  sizeable  portion  of  NATO's  assets  are 
retained  in  maintenance  and  war  reserve  stocks.  (8). 

A  fifth  important  factor  affecting  the  firepower 
balance  is  mobilization  time.  The  immediate  numerical 
balance  o*  principal  fireoower  assets  is  unfavorable  to 
NATO.  A  short  mobilization  time  would  make  the  numerical 
balance  even  more  unfavorable#  since  the  Soviets  can  deolov 
forces  over  land  from  the  Soviet  Union  faster  than 
the  United  States  can  deolov  forces  from  North  America. 

These  factors  of  auelity#  weapons  mix# 
doctrine#  oraeni tat  ion  and  available  mobilization  time 
clearlv  affect  the  balance  of  firepower  capabilities# 
thouoh  it  is  difficult  to  assess  their  precise  impact.  It 
is  clear  tc  the  author#  however#  that  conclusions  about 
NATO  fireoower  capabilities  based  on  numerical  comparisons 
of  weaoons  in  units  should  be  aualified  to  account  for 
these  factors. 

Nevertheless#  the  availability  of  such  extensive 
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Warsaw  .Pact  trounfi  ^orce  firepower  assets  In  Europe# 
esoeciallv  whan  couoieo  with  the  emphasis  of  Soviet 
milirary  .loctnna  on  offensive  operations  ( 9  J  »  should 
oromot  concern.  This  concern  is  heiahtened  hy  the 
possibility  that  a  Pact  attack  on  Western  turope  could 
occur  with  very  little  warnino#  could  be  aimed  at  rapidly 
overwhelming  MATO  defenses  in  a  short/  very  intense 
war#  and  covin  be  conducted  initially  with  forces  in 
Eastern  £  u  r  o  o  e »  without  reinforcements.  These  Warsaw 
Pact  forces  orobahly  would  mass  against  relatively  weak 
points  in  NATO's  defenses  and  could  achieve  large 
concentrations  of  force  anywhere  alom  the  East-West 
border.  Thus#  it  is  oossrbl e  t hat ---what  ever  the  overall 
balance---if  MATQ  has  little  time  to  mobilize#  its  f i recover 
capabilities  mav  be  inadequate  at  the  Point  of  attack. 

In  addition  >o  firepower  balance#  it  is  necessary 
to  understand  the  role  of  the  manned  aircraft  in  the 
Central  European  scenario  before  the  value  of  the  RPA 
can  be  considered. 

8.  USE  OF  DAMNED  AIRCRAFT 


A i rborne 

f i reoower  # 

with  its 

ability 

to 

concent  rate 

ouicklv#  mav 

pa  r  t  1  y 

compensate 

for 

de  f i c i enc i es 

in  ground  force  f 

i recower#  depending  on 

how 

it  is  oraanized  and  applied.  It  is  clear  to  the  author 
that  the  allies  and  the  United  States  have  different 


17 


approaches  to  the  use  of  airborne  fireoowen,  although 
it  i 9  difficult  to  say  which  accroach  is  more  effective. 
Currently/  the  \ATO  allies  h eye  essentially  no  snecialiied 
attach  helicopter  force3.  They  use  multimission  aircraft 
for  li  recover  suooort  of  qrounrl  troocs,  while  the 
United  States  aooears  to  increasingly  deoend  on 
specialized  aircraft  for  ground  attack  missions. 

The  Eurooean  KlAfO  allies  not  only  leek  the  number 
ann  soon f sr i cared  kinds  of  U.  S.  attack  helicopter  assets/ 
but  they  also  oossihly.  clan  to  use  the  assets  they  do 
have  differently.  In  contrast  to  the  expected  U.  S. 
oractice  of  attaching  some  arr-*d  helicopters  to  around  force 
divisions,  the  European  a.  es  anoear  to  prefer  to  use 
the  helicopters  as  a  corps  reserve  force.  The  United  States 
would  probably  us.'  armed  helicopters  to  harass  or 
delay  an  attacking  force  or  to  reinforce  a  defensive 
position  from  which  ground  forces  have  been  transferred  to 
meet  a  threat  elsewhere.  It  aooears  to  the  author  that  the 
allies  would  orefer  to  hold  tneir  helicopters  in 
reserve  and  commit  them  only  when  an  enemy  breakthrough 
could  not  be  stooped  by  around  forces.  Indeed,  some 
allies,  notablv  the  British,  do  not  believe  in  using 
attack  helicopters  near  the  forward  line  of  own  trooos 
(FLOT).flOl.  Although  the  allied  approach  seems  to  oe  in 
keePina  wit^  the  small  size  and  liaht  armament  of  their 
current  helicopter  forces,  it  would  apoear  to  reduce  the 
potential  effect  of  these  forces  on  the  initial  battle. 


where  their  fir«cower  may  well  be  of  greatest  vs<  u». 

Trie  allies'  close  air  support  capabilities  ere 
more  extensive  than  their  attack  helicoote'*  capabilities# 
bur  the  rationale  behind  their  choice  of  weaeon*  it 
similar.  The  United  States  assets  appear  to  the  autho  to 
be  increasinoly  emphasizing  rhe  destruction  of  individual 
tanks  with  gun  and  ouided  missile  fire  from  s1ow«flying 
aircraft  ooeratina  from  behind  friendlv  forces.  The  allies* 
by  contrast/  seem  to  have  chosen  not  to  invest  in 
specialized  aircraft  for  this  tvoe  of  combat#  they  seem  to 
prefer  to  deliver  scatterable  area-tyoe  weapons  at  very 
high  speeds  and  low  altitudes  at  some  distance  behind  «nemy 
iines#  overflying  enemy  forces  ann  defenses  in  the 
process.  In  addition,  unlike  the  United  States#  most  allies 
do  not  stress  the  role  of  the  Forward  Air  Controller  in 
coordinating  air  strikes  with  abound  force  operations. 
Thus#  many  of  the  allies  lack  both  the  personnel 
and  tne  practice  required  fnr  close  coordination  of  air 
strikes  and  ground  force  operations.  d  h  a  t  the  allies  call 
"close  a’’r  suorort,"  the  United  States  would  consider 
"battlefield  i n t e rd i c t i on " --- t h a t  is#  disrupting  enemy  trooo 
movements  several  kilometers  beyona  the  PLOT#  with  little 
coordination  between  friendly  air  and  around  forces. 

Tn  oractice#  there  are  authors  who  hypothesize  that 
these  doctrinal  and  procedural  differences  between  the 
United  States  and  the  N'VTU  allies  do  not  significantly 
affect  the  conduct  of  military  operations.  Despite  the 
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apparent  procedural  differences#  U.  3.  close  air  suooort 
Aircraft  could  probably  be  effectively  used  to 
reinforce  *1  I  i»d  around  forces.  Still#  if  the  United 
Stntes  wished  to  emphasize  its  ability  to  Provide  this  kind 
of  flexible  sir  suooort  to  the  allies#  it  should  strive  to 
better  coordinate  close  air  suppont  orocedures  and 
doctrine#  in  orner  to  ensure  maximum  C3  effectiveness  of 
U.  S.  suooort. 

Like  the  allies#  'he  United  States  is 
planning  improvements  in  the  Quality#  rather  than  a  dramatic 
increase  in  the  number#  of  its  artillery  pieces.  The  U. 
S.  is  oursuino  its  objective  of  increasing  the  ranqe# 
volume  of  fire#  anp  lethality  of  its  artillery  through  a 
number  of  nroaroms#  many  of  which  involve  only  small 
near-term  costs.  These  include  fitting  longer  aun  tuoes  to 
existing  155  mm  and  eiqht  inch  howitzers# 
procuring  roc ke t -ass i s t ed  orojectiles  for  greater  range# 
develonina  and  procuring  improved  conventional  munitions 
that  scatter  homblets  over  wide  areas#  developing  laser- 
auided  artillery  shells  that  can  accurately  strike 
tanks  and  other  no i n t  targets#  and  developing  improved 
artillery-locating  radars  and  a  computerized  f  i  r  e  ~ 
suonort  coordination  capability.  Finally  as  a  complement  to 
its  cannon  artillery#  the  United  States  is  also 
develooina  the  General  Suonort  Rocket  System---a  multiple 
rocket  launcher  capable  of  delivering  a  hiqh  volume  of  fire 
very  raoidly.  An  accelerated  development  schedule  may  make 


rM3  system  avnl  I  hv  the  early  t Q  ^  Q  s . 

The  Unite  i  Spates  now  hat  an  Inventory  of  narrow* 
bodied  rocket*  and  machine  q,in*ar«'eo  Cnfcra  helicoot*rs 
which  constitute  an  integral  cart  of  t..e  f  1  reoow*r  of 
almost  al'  U.  S.  Amy  divisions*  Their  sole  ogrpote  is 
delivering  ordnance  on  battlefield  targets  These 
aircraft  are  intended  to  fly  close  to  the  ground*  using 
terrain  and  vegetation  to  conceal  them  from  enemy  view  ana 
attack.  v.itn  the  assistance  of  Scout  helicopters  flying 
with  similar  tactics*  thev  locate  enemy  ground  force 
targets  and  climb  from  their  concealed  Positions  only  long 
enough  to  fire  weapons  at  the  target  before  descending 
and  moving  on  under  cover. 

The  Army  is  in  th#  midst  of  a  program  to  convert 
almost  700  existing  Cobra  helicopters  to  carry  eight  TCM 
ATG'M,  and  to  procure  30S  identically  equipped  new 
Cobras.  (111.  This  orom  .  *■  will  provide  U,  5.  forces  with 
a  hiahly  mobile  antitan*  capability.  iaith  the  addition 
of  limited  nioht-vision  capability*  this  antitank  fore® 
will  have  an  improved  capability  to  fight  in  darkness. 

There  are  two  aliened  problems  with  the  Cobra/TOW, 
First*  as  a  modified  aircraft  of  the  Vietnam  era*  it  is 
said  to  lack  sufficient  armor  protection  for  a  Eurooean 
battlefield.  Second,  because  the  aircraft  must  emerge  from 
cover  for  uo  to  IS  seconds  in  order  to  visually  guide  its 
T 0 vj  missive  to  the  target*  it  is  said  to  be  vulnerable  to 
enemy  detection  end  destruction.  To  alleviate  those 


orgp 1 ems »  t  h»  4n  y  is  developing  tn«  Advanced  Attack 
h«i  ieopt»r  of  which  536  are  to  he  built  between 

l«bl  end  1<W,  At  9  cost  Of  S5.<?  Mi  Hon  eeen.  The  total 
cost  Of  that  oroorsm  will  be  about  $<4.1  billion.  The 
Cotra/TOrt  will  complement  this  fleet. 

He  aah  will  have  areater  armor  orotection  end 
redundant  controls  to  improve  its  chances  of  Survivinq  if 
hit.  ’<!cst  1  "'OOP  t  an  t  I  y  #  it  will  fir®  the  heiifire  leser- 
auideo  ™issile»  which  follows  a  laser  oeam*«-d i rec t ed 
on  4  tenoet  ov  a  around  observer,  another  aircraft,  or  by 
the  A  Ah  itself--anr|  strikes  its  enemy  target  accurately. 
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reducing  its  chances  of  reinq  attacked  by  the  enemy. 

Dcsoite  these  advantages.  the  AAh  is  not  without 
oroblems.  The  around  laser  designators  are,  of  course, 
vulnerable  tn  sunnressing  fire,  and  they  may  very  well  lack 
adequate  time  to  move  into  position  if  an  attack 
comes  with  little  warning.  Jhe  Scout  helicooters  that 
designate  targets  for  the  aah  must  exoose  themselves 
during  the  entire  missile  flight;  lacking  armor  orotection 
or  nefensive  armament.  they  are  as  vulnerable  to 
destruction  as  the  A  An  itself.  The  AAH  can.  of  course, 
designate  targets  for  its  own  missiles  without  the 
assistance  of  Scout  helicooters.  but  its  resulting 
exposure  reduces  the  advantage  of  the  Hellfire  missile. 
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It  i  s  struck  by  on*  or  two  bu!  Iets  —  th»  *ind  of 
sm«U««rma  threat  ro  aircraft  experienced  in  Vietnam* 
•"its  ar/tor  would  protect  if.  The  most  stvsrs  threet* 
to  to*  att-ack  H*1  icon,  or  in  turone  are,  hOw«v«r»  the  Soviet 
radar-di r#ctea  ZSu  23  mm  f  our-barr*  1  I  ed  an  t  i -a  i  rc  raf  t  qun, 
to*#  $4-7  h*n<i-neld  an t  i -a  i  rc  r a  f  t  missile,  anti  SA-t»  and  SA»9 
Surface-to-air  missiles.  The  ZSU-23  delivers  a  very  hiqh 
volume  of  fir*;  it  fh*  AAh  is  Struck  by  one  of  its 
volleys  or  by  one  of  the  ar t i -a i rc ra T t  missiles.  the 
helicooter  will  n r o b ably  be  destroyed. 

Close  air  support  aircraft  constitute  a  second  type 
of  airborne  fireoower  assets.  The  U.  S.  defines  close 
a’r  sucno  r t  ns  the  delivery  of  air  weapons  in  close 
coordination  with  ground  force  movements,  which  implies  the 
presence  of  a  Forward  Air  Contr-  .ler  f0r  coordination. 
Jfhjle  the  United  States  currently  performs  close  air  suooort 
with  A-70  attacK  aircraft,  suoolenented  by  F-9s  and  all- 
weather  caosble  F-lll  t i oh t e r -bombe r  aircraft  as  needed  and 
available.  the  Air  Force  is  introducing  an  aircraft 
desioned  solely  for  close  air  suooort ---t  he  A-10.  The  AMO 
is  aesianed  to  be  a  simple  r uaoed  aircraft  witr*  a  large 
weapons  capacity  and  antitank  caoability.  It  carries  a 
30  mm  cannon.  which  fires  armor-riercinq  ammunition 
at  a  verv  high  rate,  and  as  many  as  si*  ^averick  quided 
m i s 3 i 1 es .  decause  of  its  large  size  and  slow  speed,  the 
aircraft  can  oest  survive  combat  by  avoidinq  enemy  air 
defenses.  Its  primary  tactic  is  therefore  to  fly 
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low  behind  friendly  <OPCf»»  "oopoino  up"  only  long  enough  to 
S  t  r  i  k  e  an  enemy  f  ^  with  f  P#  gun  flf  a  missile.  0®#oit® 
50m»  vjln<roni  litl-iii  Ph»  irry  ana  the  Mr  Force  believe 
that  the  A- in  can  survive  combat  if  it  uses  appropriate 
tactics  and  is  assisted  by  other  aircraft  that  attack  eneny 


air  defenses. 

The  use  of  u.  S.  attack  helicopters  to  supplement 
allieni  fireoower  capabilities  would  also  raise 
conroi nat ion  orocle^s.  U  •  S.  attack  helicopters 
currently  ooerate  as  an  extension  of»  and  in  close 
coordination  with,  around  forces.  The  difficulties  of 
achievina  close  coordination  between  U.  S.  helicopters  and 
allied  around  forces  would  be  exacerbated  bv  the 
lanouaoe  and  procedural  differences  of  the  other  NATO 


forces . 

The  principal  constraints  on  the  utility  of  the  A-10 
in  Europe  are  its  lack  of  a  nioht  and  adverse- 

weather  capability,  tne  limited  number  of  aircraft 

planned  for  deployment  to  Europe  and  a  shortaoe  of 
aircraft  shelters  laroe  enouah  to  a c c ommoda t e  the  A-10. 
These  constraints  become  sianificant  when  considered  in 
liaht  of  the  Pact's  ability  to  choose  the  time  and 

weather  in  which  to  attack.  If  there  were  little  warning  of 
attack,  NATO  would  need  more  aerial  antitank  firepower  than 
in  a  1  ome  r  warnino  scenario. 

The  use  of  u.  S.  aircraft  to  delay  enemy  attacks 

on  allied  forces  and  to  destroy  enemy  tanks  and 


au 


allies  ho  1 d 


t  h  e  i  r 


armored  vehicles  could  halo  the 
defensive  oositions  until  ground  force  rei nforcement s  could 
he  shifted  from  other  sectors  of  the  Central  Front  or 
shipoed  from  the  United  States. 

The  erincioal  disadvantage  of  this  ootion  is  that# 
while  manned  aircraft  can  supplement  qround  forces#  they 
cannot  substitute  for  them:  they  can  neither  deliver  a 
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sustained  volune  of  fire  equivalent  to  qround  forces  of 
eocal  cost  nor  hold  or  take  territory.  Those  factors  make 
the  kino  of  close  air  suooort  re i n f orcement  described 
here  a  temporarv  rather  than  a  Iona-term  substitute  for 
qfoun  ■„  forces. 

The  analysis  of  the  manned  versus  unmanned  aircraft 
issue  underscores  the  previously  discussed  problems 
related  to  aerial  tactical  warfare  while  attempting  to 
sho*  that  remotely  piloted  aircraft  (RPM  could 
oossibly  be  a  desirable  alternative  to  manned  aircraft 
when  the  tactical  situation  requires  more  aircraft  than  are 
available  (or  can  be  afforded)  in  the  manned  aircraft 
fleet;  he  probability  of  loss  of  the  mission  aircraft  anc 
oilot  is  qreater  than  car.  be  accepted#  and/or  the 
mission  can  he  executed  at  a  lower  total  sy9?em  cost  than  by 
a  manned  aircraft. 

Through  the  years#  manned  military  aircraft  have 
steadily  aro.n  in  complexity  and  cost.  A  major  factor 
contributing  to  both  comolexity  and  cost  is  the  need  for 
providing  the  oilot  with  comorehens i ve  information 
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and  osrsonat  orotection.  fn  fact  /  carrying  the  human 
ooarator  onboard  compounds  the  "costs"  in  that  it  limits  the 
aircraft's  maneuverability.  Pilots  are  valuable 
personnel.  If  has  become  increasingly  important  on 
military#  economic#  arc  political  grounds  to  protect 
their  lives  and  prevent  their  caoture.  Even  though  ons*way 
tactical  missions  would  often  be  of  value#  they  are 
unass i onah I e  in  terms  of  tne  high  cost  of  pilot  experience# 
to  sav  nothing  of  the  value  of  the  human  life  in  our 
cultural  context. 

neaoon  systems  can  be  fully  automated  so  that 
once  released  they  perform  as  programmed.  However# 
intelligence  svstems  are  not  perfect#  and  it  is  difficult 
to  anticipate  the  exigencies  which  may  be  encountered 
during  a  mission.  rtith  greater  destructive  power  comes 
greater  rescons i b i I i t y  for  maintaining  human  control 
over  the  weapon  until  the  moment  of  its  final  disposition. 
The  value  of  weaponry  is  greatly  enhanced  bv  including 
human  intelligence. in  the  operational  system.  The  use  of 
WP«  allows  the  human  operator  to  be  in  a  position  to 
monitor  or  assume  direct  control#  yet  be  removed  from  the 
weaoon  olatform. 

Thinking  along  these  lines#  one  may  ask  the 
following  duestinns:  If  we  must  or  want  to  use  an  air 
veniele#  why  must  we  also  have  a  human  operator  in  it?  How 
much  of  the  time#  Ci.e.#  during  what  fraction  of  a 
combat  sortie)#  is  the  human  operator  really  needed?  The 


onhoard  oilot  is  only  needed  whon  the  operator 
has  tc  "see"  some t h i na---d i ac r i m i n a t a  and  decide. 

A  arowing  oroolem  in  tactical  warfare  operations  (and,, 
the  author  suspects  that  analogous  ones  exist  for  other 
kinds  of  operations)  the  improvement  of  accuracy  in 
ordnance  delivery  in  the  face  of  improvements  to 
enemy  air  defenses,  while  decreasing  costs  and  air-crew 
1 osses? 

The  essence  of  the  solution,  i.e.,  reducing  the  lo3S  of 
manned  aircraft  an -J  crews,  is  the  real-time  utilization 
of  man's  inherent  capabilities  of  discrimination  and 
decision  by  means  which  let  the  operator  stay  remote 
from  the  actual  firing  zone.  The  RPA  should  be  thought  of 
as  a  guidance  and  control  system.  It  is  a  guidance 
capability  providing  for  substantial  real-time  tactical 
dec i S i on-max i ng  essentially  as  presently  done  by  pilots  in 
manned  aircraft.  That  is  what  is  meant  by  "Piloted"  in 
"PPA."  PP4  con  be  two-way  or  one-way  vehicles. 
They  can  carry  warheads  or  only  reconnaissance  (RECCE) 
or  communications  near.  They  are  not  necessarily  drones  — 
-which  may  or  may  not  be  remotely  controlled,  but  are 
not  remotely  piloted.  The  RPA  is  a  standoff  guidance 
svstem.  It  provides  the  capability  and  the  opportunity  to 
oreserve  and  exoloit  the  operator's  unioue  real-time 
abilities  without  reguirirg  that  the  operator  be  exoosed 
to  the  most  lethal  environments  of  tactical  aerial 
warfare.  That  is  what  is  meant  by  "man-in-the-looo." 
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In  comparison  with  manned  aircraft*  tactical  RPA  offer 
the  fnllowina  potential  advantages? 

1.  operate  much  closer  to  the  tarqet  because 
of  reduced  size  and  risk  to  the  operator? 

2.  present  a  smaller  taroet  to  defending 
antiaircraft  artillery  (AAA)  and 
Surface-to-air  missiles  (SA^s)? 

3.  delay  w  e  a  o  o  n  release  until  they  are  very 
close  to  and  very  sure  of  the  desired  target’ 

A.  do  not  risk  oilot  loss. 

In  general#  the  RPA  can  find  orofitable 

aoolication  wherever  enemy  air  defenses  can  be  expected  to 
exact  high  loss  rates?  whenever  the  attacker  cannot 
afford  to  miss  an  aim  point?  whenever  the  target  or  tarqet 
complex  does  not  require  a  laroe  weight  of  ordnance 
over  a  large  areal  whenever  tne  human  body  cannot  tolerate 
prescribed  maneuvers  or  endure  other  flight  conditions# 

and  whenever  human  discrimination#  judgment#  and  decision 
must  enter  the  lethal  environments  of  an  area  defended 
by  modern  anti-air  weaoons  .  ( 1 2 J  . 


C.  ANALYSIS.  OF  UNwANNEO  AIRCRAFT  AS  WEAPON  DELIVERY  PLATFORM 


Survivability  of  fixed  end  rotary-wing  aircraft*  both 
as  individual  mission  aircraft  and  as  essential 
o r aan i z a t i on  a  1  components  of  a  modern  integrated  air- 
qround  force*  is  a  critical  issue  today.  For  the  past 
decade  the  ability  of  around  air-defense  systems  to 
Shoot  down  aircraft  oas  been  increasing  at  a  greater  rate 
than  has  the  survival  ability  of  manned  aircraft.  Unless 
this  trend  is  reversed*  tactical  air  and  air-mobile  forces 
will  no  longer  he  ab'e  to  make  a  major  and  sustained 
contribution  to  winning  the  battle  on  the  grouna, 

As  individual  aircraft*  RPA  have  a  higher  probability 
of  surviving  a  combat  mission  than  do  larger*  manned 
aircraft.  All  "observable  s i ana t u r es " - rada r *  infrared* 
visual*  and  aural— -are  much  lower  for  RPA  than  for 
manned  aircraft  suitable  for  the  same  tactical 
missions. 1131 • 

In  the  case  of  mini  P P A  *  these  signatures*  as  seen  by 
the  hostile  defense*  aooroach  the  vanish i nq  ooint.  RPA 
oresent  a  much  smaller  vulnerable  taraet  to  be  hit  by  an 
imoact  munition  or  the  fragments  of  a  p ro x i m i t y- f used 
mun  i  t  i  on  — -a  major  gain  in  aircraft  survivability. 

This  RPA  survivability*  if  combined  with  very 
larae  numbers  of  them*  could  aive  the  air  unit  commander 
freedom  to  undertake  missions  considered  desirable  or 
essential  but  too  hazardous  to  risk  a  manned  aircraft.  It 
is  i ne v  <  t  ad  1 e  that  a  hiah  and  sustained  attrition 
rate  will  have  a  negative  influence  on  the  operational 


decisions  of  the  co»'"«nrtsr  of  a  manned  aircraft  unit. 
In  an  effort  to  nres«fv«  assianed  forces#  when  the 
commander  has  any  choice  on  which  taraats  to  attack 
with  manned  aircraft#  that  commander  will  favor  those  with 
a  lower  attrition  rate  even  if  of  lesser  value#  or 
will  adooc  mi ss i on-e*ecut i on  modes  which  will  reduce 
the  unit’s  attrition  rate  although  the  effectiveness  of 
t  n e  mission  may  suffer. 

with  only  a  limited  number  of  costly  and  (at  least  in 
the  near  term)  irreplaceable  aircraft  and  pilots# 
operational  caution  will  be  a  powerful  factor  in  a 
commander's  decisions.  The  Israelis  have  already  faced 
this  issue.  Their  former  Chief  of  Staff#  David  Elazar, 
has  stated  that  close  air  suooort  has  been  drooped  as  an  air 
mission  because  it  has  become  too  costly  for  the  results 
achieved.  (14]  , 

Tactical  utilization  of  RPA  could  include  strike 
missions  conducted  in  close  suooort  of  shio  or  ground 
forces.  The  taroets  will  possibly  be  well  known  jn 
dos i t i on,  highly  protected  and  of  high  value.  Here#  the 
RPA  may  become  the  weaoon#  by  carrvinq  ordnance  directly 
onto  the  target#  and  be  used  to  destroy  SAM  sites# 
bridaes#  individual  shies#  factories#  ana  so  forth. 
Alternatively#  the  RPA  could  be  used  for  delivering 
ordnance  with  a  recovery  maneuver  so  as  to  decrease  the 
weaoon  system  cost  throuah  re-use#  or  serve  as  a  target 
desianator  for  weacons  to  b«  delivered  from  other 


aircraft  or  other  PPA.  In  general#  the  targeting  should 
be  sufficiently  specific  so  that  the  enroute  route  ohaaa 
can  he  nreolsnned  using  the  latest  intelligence  and  nerhaos 
programed  into  the  autooilot. 
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Of  nv  movement  nr  rest  to  the  enemy  through  intermittent 
strikes  at  staging  areas/  kev  road  junctions#  rail 
marshalling  yards/  and  so  forth.  The  intent  of  such 
general  harassment  missions  might  be  to  deliver 
propaganda  leaflets;  b i o 1 oai c a  1 /c hem i ca 1  warfare 
v*e?oons»  chaff#  jammers;  to  place  sensors  and/or  mines  or 
other  conventional  ordnance#  or  simply  to  cause 
activation  of  air  defense  systems. 

RPA  could  possibly  be  flown  in  seauence  and/or 
formation  in  such  a  way  as  to  reveal  and  deplete  the 
enemy's  defense  capability.  A  second  strike  force  of  manned 
aircraft  could  oossibly  be  timed  to  appear  just  when  the 
enemy's  resnonyive  capability  has  been  temporarily 
exhausted.  RPA  mav  be  used  in  spoofing#  that  is#  to 
simulate  a  bomber  or  other  type  of  aircraft  through  the  use 
of  an  aoornrri ate  transponder  or  radar  c ross^sec t i on 
reflectors.  Used  in  force#  remotely  oiloted  aircraft  may 
simulate  an  air  umbrella  over  an  imaginary  fleet  of  ship*/ 
thus  confusing  enemy  reconnaissance#'  or  fly  over  enemy 
territory  in  wavs  so  as  to  mislead  the  enemy  commander  as  to 


the  actual  direction  of  the  attack. 

If  tactical  air  and  air-mobile  forces  are  to  carry 

out  their  doctrinal  ’'isiions»  the  effectiveness  of 

hostile  ground-to-ai r  defenses  must  be  reduced  through 
intense*  istained*  lethal#  and  nonlethal  ai r-defense- 

suooression  operations.  At  the  oresent#  the  United 

States’  primary  means  are  attacks  launched  from  manned 
aircraft.  This  mission  deliberately  oits  friennly  manned 
aircraft  aoainst  tne  enemy  system  designed  to  shoot 
them  down,  <ch  oisforically  results  in  high  attrition 
rates. 

The  RP  A  offers  the  potential  of  becoming  the  instrument 

to  challenoe  ar  possibly  defeat  an  opposing  enemy  air 

♦ 

defense  system.  pa  couin  be  built  in  large  ouantities  and 
operated  in  large  numbers  in  the  enemy's  airspace  so  as  to 
force  the  enemy  air  defense  systems  into  a  higher 
level  of  e 1 ec t romaane t i c  radiation  and  sheotina.  This 
could  cause  an  increased  expendi ture  of  munitions  bv  the 
enemy  air  defense,  units  and  reveal  their  positions#  thus 
subjecting  them  to  attack. 

Such  a  deliberate  and  intense  con f ront at i on  between 
RP A  and  hostile  air  defenses  should  quickly  reduce  the 
number  and  effectiveness  of  enemy  air  defense  units  and 
make  the  surviving  defenders  oun-shy#  thus  permitting  both 
manned  and  RPA  to  ex*.uute  their  other  combat  missions 
with  greater  freedom  of  action#  in  a  more  effective  wav* 
and  with  lower  attrition  rates. 


0.  ANALYSIS  OF  UNMANNED  AIRCRAFT  as  RE CON/PES IGNAT  ION 

PLATFORM 

To  successfully  defeat  the  «r>e^ y»  th#  commander  of 
today  must  be  able  to  recoqni29  enemy  intentions  and  take 
positive  action  at  the  earliest  possible  time.  Senior 
commanders  must: 

1.  see  me  battlefield 

2.  direct  the  *  ore  1 1 > aence  effort/ 

3.  develop  a  conceot  of  operations/ 

o,  all ocate  assets/ 

5.  sustain  the  forces*  ann 

6,  olan  and  execute  centralized  operations  for 
effective  C3  that  will  interface  the  appropriate 
battlefield  systems. 

If  is  not  by  coincidence  that  "seeinq"  the  battlefield 
is  listed  first.  Only  by  "seeino"  the  battlefield  to  the 
deoth  necessary  to  identify  and  track  the  movement  of  the 
enemy  second-  ana  t  h  i  rd-echr»l  on  forces  can  the  commanders 
perform  the  other  functions  expected  of  them/  especially  at 
the  rioht  time  and  place.  T.ne  reau  i  recent  tor  the 
commanders  to  "see"  the  battlefield  has  resulted  in  an 
increase  in  the  amount  of  information  required  by  the 
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command#!*  end  the  organic  staff. 

On#  o(  the  major  r#ou  <  f  er«fit  s  for  a  tactical  command 
and  control  (Cr)  system  is  the  availability  of 
accurate#  real-time  oosition  information  on  friendly 
personnel,  vehicles#  and  aircraft.  This  is  especially 
true  when  ooeratina  durinq  the  hour3  of  darkness  and  in 
those  oarts  of  the  world  that  are  devoid  of  prominent 
terrain  fee lures.  The  P  n*  A  could  possibly  provide  a 
means  of  collectinq,  trans^itt ino  and/or  retransmitting 
vital  information  to  organic  staff  elements  so  that  data 
and  information  can  be  provided  to  the  appropriate 
commander  in  sufficient  time  to  allow  decisions  to  be 
rendered  that  could  3  i  ani  f  i  cant- 1  y  influence  the  combat 
situation  at  some  noint  in  the  future. 

PPA  m a v  be  assigned  to  surveillance  missions  to 
cover  particular  battlefields  or  areas  of  ocean.  They  may 
provide  early  warning  against  land#  sea#  or-  air  attacks# 
monitor  and  t  rack  enemy  movements#  serve  to  identify  any 
modification  of  enemy  held  terrain  throuah  use  of  repetitive 
video  recording  or  photoqraphy  in  the  visual  range# 
infrared#  ultraviolet#  or  combination  thereof  or  through  the 
use  of  movina  target  indicating  (f^TI)  radar.  Search 
and  rescue  missions  might  benefit  from  the  use  of  RPA. 
Here, for  example  the  PPA  miqht  be  used  to  drop  an  encoded 
transoender,  critical  supplies,  or  even  to  provide  urgently 
required  defensive  maferiels  such  as  ammunition  and 
ant i -oersonne I  mines  after  detecting  and  locating  a 
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surrounded  ground  unit 


T  r«  RPA  ’'ay  nr ov i oe  unmanned  t  arqa t 
acquisition#  reconnaissance#  and  adjustment  of  artillery 
fires#  as  well  as  tamet  designation  and  damage 
assessment  forward  of  the  line  of  contact  in  support  of 
combat  elements.  Defending  on  the  tactical  situation  and 
the  priorities  established  by  suooortea  commanders#  the  RPA 
system  could  he  used  to  enhance  the  delivery  of  cannon  and 
aeneral  sunoort  rocket  fires  for  close  suoport#  counterfire# 
suooression  of  en*my  air  defense  (SEAD)  and  area 
denial  utilizing  scatt*rable  mines.  In  addition  the  RPA  may 
also  he  u9eo  to  provide  data  to  division  artillery  for 
t^e  ucvJete  during  or  fo'  I  owing  nuclear  exchanges  on  the 
battlefield. 

The  RPA  as  a  reconnaissance  and 
target  acgui s i t i on/desi gnat i on  system  will  cue#  be  cued 
by#  and  comclement  other  target  .acquisition# 
reconnaissance  and  surveillance  systems#  to  include  manned 
aircraft.  Imagery  from  the  PPA  sensor  system  should 
orovide  sufficient  resolution  to  detect#  classify# 
recognize#  and  locate  hostile  field  artillery  and  air 
defense  weaoons  (to  include  those  with  nuclear  delivery 
caoabilitv)#  wheeled  or  tracked  vehicles#  personnel 
comorising  olatoon  or  lamer  sized  units#  Structures  and 
terrain  capable  of  containing  command  posts#  Suooly 
nofnts#  to  mai«e  damage  assessments?  and  to  update  the 


nuclear  targets 


Soviet  exc  I  o  i  t  at  i  on  of  their  Own 
feehnoloolcs!  developments  has  produced  increasingly  stronq 
forward  oar  cl*  area  su r 1 *ce-t o-a i r  defenses  end,  at 
the  same  tine,  3 t r eng t h ene d  the  need  for  u.  S.  combat 
support  to  nelo  offset  tne  massive  enemy  ground  force 
fire  oower  potential.  The  enemy  tactical  air  defense 
system,  unless  countered,  will  seriously  decrease  the 
capability  of  air  forces  to  provide  the  reauired  fire 
suooort  to  friendly  orouna  forces.  Presumably,  the  latter 
condition  is  a  aoal  indicative  of  the  enemy’s  concern  for 
the  effect  of  that  fire  power  on  their  own  forces.  Three 
oossidle  resnonsee  to  oermit  delivery  of  fire  suDDort  in  the 
face  of  highly  effective,  mobile,  and  proliferated  air 
defenses  are  to  employ  standoff  weaoons  to  alleviate  the 
need  for  penetration  in  providing  aerial  fire  Support; 
reduce  the  air  defense  effectiveness  (decoys,  jamming, 
harassment,  etc.);  or  destroy  the  defenses.  To 
successfully  deliver  weaoons  aoainst  qround  targets  (by 
whatever  mean s --'manned  aircraft,  PPA,  or  standoff 
missiles),  it  is  necessary  to  accomplish  a  variety  of 
supporting  functions  such  as  reconnaissance,  surveillance/ 
target  development,  identification,  and  acduisition,  laser 
designation  for  guided  weaoons,  fire  adjustment,  and  strike 
control  .  (151  . 

This  diverse  set  of  missions  can  be  satisfied  by 
a  relatively  small  number  of  functional 
capabilities:  observation  of  the  area  or  item  of 
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interest  with  an  aoorooriate  sensor  (i.  e*»  one  that 
can  nrovHe  roe  kind  and  o  u  a  l  i  t  y  of  nsf  a  required  oy  the 
mission)*  t  •  rm  i  n  a  t  i  on  of  target  oosition*  and  provision 
of  a  means  of  tire  control  and  adjustment*  The  benefits 
from  aoplyina  th*  human's  memory*  reesoning*  and 
decision-making  c  eoac i t  v  In  these  orocesses  Is  clear. 
In  a  t  r  e-nor  i  na  to  provide  these  o ePeb i I i t i es *  there  are 
advantages  to  ne  gained  in  operating  from  an  elevated 
cl »t  fort  close  to  the  objective  area *  with  whatever 
soecific  caoaoilities  m i ah  t  be  reauired  to  accomplish 
the  tas«.  (his  means  employing  an  spDrooriate  set  of 
vehicles  and  ooerational  concents  that  satisfies  the  mission 
reou i remenr 3  within  tolerable  cost  bounds.  The 
developing  irnaige  of  the  t  echnc  1  oa  i  c  a  1  1  y  advanced 
battlefield --large  numbers  of  mobile*  hard  target  elements 
that  must  be  located  precisely  and  struck 
accurate! y-“-cnmbined  with  the  environmental  constraints  of 
noor  weather  and  rough  terrain  indicate  that  a  1  ow»  slow* 
maneuverable  ol  at  form  is  preferred*  1 1  f?  J  •  The  increasingly 
hostile  environment  over  and  beyond  the  F  L  0  T  caused  by  the 
growing  surface-to-air  defense  system  effectiveness  makes 
the  use  of  manned  aircraft  systems  in  this  role  extremely 
expensive  in  ooth  personnel  losses  and  dollar  cost. 

The  employment  of  pPA  svstems  for  combat 
area  surveillance*  taraet  acauisition,  and  strike  control 
aaainst  oattiefield  targets  such  as  armor* 
artillery*  ano  oroun d-t o-a i r  defenses  could  helo  to 


offset  ♦■'i-*  serious  t  hrejr  resulting  from  the  i  nco  rnoret  i  on 
Of  A'fvflneed  t<“chr0)oov  hy  the  enemy.  For  these 
40c1  icstinrsi  toe  motivation  for  considering  PPA 
system*  Derives  from  tre  ever-w i den i no  qao  between  the 
firepower  of  the  Warsaw  Pact  arouna  forces  ena  that  of 
the  'lATQ  Defenders/  coupled  with  the  st  rengt  hen  i  ng 
protective  grouno-t o-a i r  shield  coverino  the  Pact  armored 
assault  forces.  Conseouent I y ,  in  this  context/  the 
introduction  of  PpA  systems  should  be  viewed  89  a 
complement  and  supplement  to  manned  surveillance  (i.e./ 
forward  air  controller)  and  strike  aircraft  in  a  total  force 
context/  and  as  a  heoqe  to  cover  those  situations  that  will 
require  tne  Mr  Force  to  provide  vital  supporting  fires  to 
around  forces/  even  though  the  use  of  conventional  manned 
aircraft  might  lead  to  ari pwous  losses. 

f  ■  a  n  y  mission  functions/  if  they  are  to  be  performed 
by  unmanned  aircraft  at  all/  require  transmission  of  data 
in  real-  (or  near-real-)  time  over  a  data  link  from  the 
vehicle  to  a  remote  control  station.  Thus/  a  new 
potential  vulnerability  (the  data  link  itself)  is 
added  to  the  tactical  air-around  strike  system.  This 
problem  is  one  of  a  considerably  different  character  than 
has  been  faced  before  by  tactical  strike  force  planners  and 
operators.  In  this  sense/  the  successful  operation  of 
the  data  link  is  not  a  militarily  useful  end  product  in 
and  of  itself.  Presumably/  however/  a  functioning  data  link 
is  a  reduisite  component  of  the  RPA  system.  Thus/  it  would 
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■jeff"!  aoorooriat#  to  measure  the  imoact  of  the  oerformenca  of 
the  data  link  (i.e.»  the  resultant  of  the  interaction  of 
the  enemy  Jamnina  effort  and  the  leva1  of  jam  resistance 
built  into  the  link)  in  terms  of  the  extent  to  which  the 
ooei  of  the  complete  system  or  force  has  bean  mat.  In  th# 
case  of  a  data  link  in  a  target  surveillance  and 
designation  RPA#  as  described  oreviously#  the  degradation 
due  to  enenv  jamming  (o  conversely,  the  remedial  value  of 
enhanced  jam  resistance)  could  be  measured  in  terms  of  the 
change  in  th»  numper  of  taraets  detected  and  destroyed.  or 
the  movement  in  the  line  of  contact  of  the  ground  fcrces 
beino  supported#  for  example.  The  key  concept:  provide 
poly  enouqh  jam  resistance  to  make  the  enemy's  jamming 
system  sufficiently  complex  and  costly  so  that  other  uses  of 
his  defense  budaet  apoear  more  attractive. 


CHAPTF-t  I M 


C  S  PPHt.i  Y OF MF T S  POP  UNMAMv'ED  AIRCR AF  [ 


Asses9fno  the  perforwance  of  An  unmanned  aircraft 
C3  system  in  a  wide  ranae  of  combat  environments  is 
difficult.  Tn i 3  is  due#  in  part  to  the  fact  that  there 
is  no  aensra I  systems  theory  which  is  directly  applicable 
to  military  c ommand-c on t r o 1 #  the  fact  of  the  complexity  of 
the  military  o r gan i ? a t i on #  and  the  fact  that  a  military 
command  system  rust  manage  in  ceacetime  end  command 
in  combat  .  ! addition#  there  is  the  lack  of  definition 
of  what  elements  should  be  included  in  a 
consideration  of  a  "c pmmand*c on t r o 1 -commun i c at i ons 
system"  for  unmanned  aircraft.  For  example! 
should  intelligence  sensors  be  included  or  just  the 
i n  format i cr  flow  produced  by  these’  sensors?  Much  of 
tne  difficulty  arises  from  the  lack  of  an  approach  to 
evaluatina  staff  oroari 7af Ion  and  its  operation;  the 
effect  of  style  of  ©Deration#  the  role  of 
command-con  t  ro  I  in  tactical  doctrine-*  and  the  impact 
of  military#  political  and  soc'ial  traditions.  There  19 
also  the  problem  of  evaluating  the  contribution  which 
the  cowmend-c on t ro 1  process  in  itself  -  makes  to  the 
overall  operation  of  military  forces.  It  is  an  essential 
element  of  military  operations#  just  as  tne  logistics# 
training#  and  weapons  capability  are.  C 2  also  includes  the 
functioning  of  the  commander  as  that  individual  formulates 


decisions  which  will  cause  other  elements  of  the  sil  Ittry 


force  to  oerform  a  military  operation. 

To  win  modern  w'r?,  the  commander  must  be  not  Only  a 
sound  military  strategist  and  tactician#  but  also  part 
enoineer#  scientist#  osycholoqist  and  loqistician. 
Tradi t i ona 1  I v#  the  commander’s  main  focus  has  been  the 
enemy.  It  is  becomina  important  that  the  commander 
direct  the  same  efforts  toward  orqanic  command#  control# 
and  communications  ( C  3 )  systems.  The  ourpose  of  C3  is  to 
serve  the  commander.  ^ade  ud  as  it  is  of  less-than- 
oerfect  machines#  people#  warfare  communities#  and  technical 
disciolines#  today's  C3  requires  the  commander's 
detailed  unde rs t and i nq  if  it  is  indeed  to  serve  and  not 
hamper  operations. 

C3  has  been  a  critical  ingredient  in  warfare 
since  organized  forces  first  joined  in  battle  against 
of ter  oroanized  forces.  It  socn  became  apparent  that 
the  side  which  could  command#  control#  and 
communicate  most  •  effectively  possessed  a  critical 
advantage.  In  y.orld  r.ars  I  and  II#  the  great  land  battles# 
some  covering  an  entire  nation#  .and  naval  engagements 
encompass i nq  millions  of  square  miles  of  ocean  provided 
innumerable  examples  of  the  increasing  importance  of  C3 
and  the  devastating  effects  of  its  absence.  Adding  the 
dimensions  of  air  and  undersea  operations  to  warfare 
only  serves  to  emohasize  and  further  complicate  C3 


«1 


reou i remen  t  s 


Modern  technology  Has  Drovided  the  means  for  rapid 
and  secure  transmission  of  massive  Quantities  of  data 
and  commyn t  c  a  t  i on  s  information  to  and  from  as  well  as  within 
the  battlefield  area.  As  with  any  new  asset*  modern 
technolooical  Ci  reouires  fine  tuning  to  emphasize  its 
strenaths  and  avoid  pitfalls  in  its  utilization, 

a  simple  view  of  the  U.  S.  defense  posture  is  that 
it  involves  three  necessary  functions: 

1.  Surveillance  for  the  ourcose  of  assessing  the 
capabilities  and  status  of  enemy  forces* 

2.  u.  S.  forces  ability  to  react  appropriately  to 
various  levels  of  threat*  and 

3.  Command  and  Control  (C2)  that  integrates  tbe 

surveillance  and  reaction  functions  and  provides 
for  unified  defense  forces. 

Altnouqh  there  are  other  aspects  of  C2  than  this 
simole  view  indicates*  it  is  safe  to  conclude  that  the  U. 
S.  C  2  capability  depends  significantly  on  the 
availability  of  information.  without  vital  information 
in  response  to  a  crisis  or  threat*  the  nation  would  be 
unable  to  defend  itself  adeouately.  Accordingly*  a 
major  consideration  for  determining  reduirements  of 
command.  control*  and  c ommun i c a t i ons  (C3)  for  unmanned 
aircraft  systems  should  be  to  insure  that  the  Essential 

U2 
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Elements  o f  information  f£EI)  ne cessary  for  dacicion 
making  are  known  and  are  made  exolicit* 

The  term  "essential  elements  of  Information"  is  not 
new,  according  to  JCS  PijH  1#  "EEI  are  the  critical 
items  of  information  regarding  the  enemy  an d  the 
environment  neeaert  by  the  commander  by  a  ©articular  time  to 
relate  with  other  available  information  and  intelligence 
in  order  to  assist  in  reachino  a  logical  dec i s i on  .  "  { 1 7)  , 
This  oortion  of  the  thesis  attemots  to  relate  the 
significance  of  EEI  to  C3  systems  and  oresent  a  methodology 
to  determine  C  3  EEI  for  unmanned  aircraft  systems. 

The  orohlem  of  determinina  who  needs  what  information 
and  the  i mo  1  i c a t i on  of  determining  requirements  for 
unmanned  aircraft  CS  is  a  orimary  concern.  The  mechanics  of 
qeftincj  essential  information  from  one  location  to 
another  is  a  different  and  significant  oroblem,  As  such# 
this  orohlem  has  received  an  anoropriate  amount  of 
attention  at  all  echelons  of  command  and  will  not  be 
addressed.  In  particular  this  information  flow  orohlem  has 
been  modeled  and  studied  in  after-the-fact 
recons t rue t i on  and  analysis  of  crisis  situations.  On  the 
other  hand#  the  orohlem  of  who  needs  what  information  during 
oeacetime  conditions  as  well  a3  during  crisis#  limited  war# 
general  war  or  nuclear  war  •  is  one  which  also  demands 
attention. 

A  prerequisite  to  effective  command  and  control  is 
the  availability  of  orecise#  accurate#  and  timely 


I  n  f  ormat  i  on  on  nhich  decision*  can  ce  bated.  what  it  often 
not  evident  in  describing  C  $  systems  ho«(v er  #  it  what  t  yoe* 


o*  available  information  ana  truly  germane  to  what 
decisions  or  what  levels  of  information#  orecition  or 
timeliness  are  really  necessary.  Thi*  i$  of  oarticular 
concern  since  C3  systems  are#  by  design#  information 
driven.  As  such#  the  fundamental  criticisms  for  many 
of  these  C  3  descriotions  are  the  assu motions  that* 

1.  the  elements  of  information  required  by  the 
decision  maker  at  each  echelon  of  C2  to  handle  the 
Darticular  condition#  as  well  as  handle  a  transition 
to  another  condition#  are  known#  and 

<2.  the  essential  information  is  available  within  the 
required  time  frame. 


To  assume  the  existence  of  sufficient  and 
immediately  available  data  for  decision  making  is  a  common 
oitfall.  In  snite'  of  the  fact  that  sooh i s t i cat eo  sensor 
svstem?  are  in  existence  today#  there  is  no  quarantee  that 
the  £EI  needed  for  a  critical  decision  are  available. 
A  situation  can  exist  in  which  there  is  absolutely  no 
essential  information  available#  or#  no  way  of  qettinq  it 
within  a  reasoneole  time  frame.  A  more  likely  situation# 
however#  given  current  technoloay#  is  one  where  the 
information  is  available  somewhere  in  some  form,  but  is  not 
immediately  available  to  the  commander. 

«U 


Techno  1 oni c a  1  advances  In  senior  and 
communications  systems  have  developed  to  th*  point  where  a 
command  decision  ma*er  can  be  inundated  with  incominq  facta 
and  statistics#  so  t*at  the  decision  orocess  is  imoeded 
rather  than  aided.  rechnolony  has  provided  the  means  for 
developing  hosts  of  sensor  systems#  each  generally 
capable  of  contributing  somethinq  to  the  decision  task  at 
hand.  Determining  the  minimum  EEI  needed  by  the 
decision  maker  eliminates  non-essent i a!  information  and 
provides  a  means  of  determining  the  critical  needs 
tor  new  unmanned  aircraft  sen  so r /c ommun j ce 1 1 ons  systems 
deve 1 ooment  s . 

One  tec  on i oue  for  determining  EEI  is  a  logic  tree 
that  starts  witn  a  generic  statement  of  the  mission  and 
the  command  level  chosen.  From  this  statement#  a  set  of 
Minimum  Essential  Functional  Tasks  (  m  £  F  T  s )  must  be 
developed  that  describes  the  actions  or  procedures  for 
the  command  level  and  assigned  mission.  Each  MEET  can 
then  be  loqically  subdivided  into  more  definitive 
subtasks.  The  orocess  must  be  continued  until  a  task 
element  level  occurs  such  that  the  task  reached  is  limited 
to  on»  specific  subiect  which  calls  for  only  one  specific 
action. 

'a  hen  the  MfcF  T  s  correctly  represent  the  minimum- 
functional  tasks#  and  the  factor  analysis  is  properly 
carried  out#  the  ciece3  of  information  may  then  be 
considered  EEI.  Because  EEI  are  develooed  from  MtFTs#  the 


need  for  care  in  defining  the  M£F  T  s  is  obvious.  If 
MEFfs  are  not  essential  to  the  mission#  the  resulting 
factored  information  will  contain  irrelevant  or 
redundant  elements. 

The  factoring  process  can  be  viewed  as  a 
phased  development.  4  minimum  pf  three  phases  would  be 
reouired  to  fully  clave'  oo  unmanned  aircraft  EEI. 
however,  th»  methoJo'oa^  oronosed  by  this  thesis  goes 
beyond  simply  oevelooina  the  EEI.  The  methodology  is 
extended  in  order  to  orovide  connectivity  to  the  description 
of  other  interfaces  in  C ?  systems.  The  proposed  phased 
accroach  is  described  below: 

l.  Phase  T 

The  first  ohase  consist'  of  ting  the  subtasks  under 
each  MEFT  and  essentially  asking  the  Question#  "what  is  the 
minimum  information  reouired"  to  answer  the  subtask.  For 
broad  subtasks#  tnis  would  re  t  in  a  reauirement  to 
further  subdivide  unt'l  a  specific  Ouestion  level  or  basic 
task  element  is  identified.  These  are  in  turn  factored  down 
to  basic  information  elements.  The  end  point  for  any  given 
factorino  chain  is  one  or  more  data  elements#  the  EEI. 

Factorina  all  subtasks  under  all  MEFTs  would  result  in  a 
series  of  factoring  chains.  Each  chain  must  be  developed 
independently  in  order  to  gain  insight  into  the  reauirement 
for  individual  data  elements.  The  factoring  chains  must  be 


reviewe  d  to  determine  comjona  I  i  t  v  In  requi  p»m#nt»  for  the 
sace  data  elements. 

2.  Phase  n 

Given  the  EEI.  Phase  II  is  an  evaluation  of  the 
questions/  1)  How  accurately  must  the  EEI  be  known*  2)  How 
Mmelv  (from  event-  to  commander)  should  the  delivery  of 
the  EEI  oe  and  3)  How  often  should  the  EEI  be  uodated 
or  revaliiatei  ? 

3.  Phase  III 

Th»  third  onase  entails  cons i derat i on  of  how  many  EEI  in 
total  there  miaht  he  qiver  in  a  real  world  worst-case 
mission,,  Tt.is  ohase  would  involve  talcing  the  number  of  EEI 
per  force  el  ,'ment#  target  or  event  in  the  actual  situation 
ant i c i na  t  en . 

a.  Phase  IV 

Phase  IV  ip  the  initial  validation  of  the  factoring 
orocess.  One  way  to  use  and  test  the  EEI  is  to  place  them 
in  an  aoorooriate  command  level  involved  with  major 
•ooeretional  exercises  or  war  games.  The  operational 
exercise  or  war  game  trainina  should  cover  all  theaters  of 
operation  for  all  conditions  of  readiness  and  states  of 


transition.  If  the  f£f  were  developed  for  «  coroe 
commander,  then  that  commander  would  .  the  on' y  one  who 
could  decide  what  informetion  is  needed  to  accomolish 
assigned  mission*.  The  cores  con  der  is  the  decision 
maker  in  the  war  name  exercise  and  as  such  must  decide  what 
tne  EEI  are. 

5.  PMst  V 

Once  Phases  I“IV  have  been  ac comp I i r heo  from  the 
lowest  command  level  to  the  Nation*!  C.-mmard  uthority  (NCA) 
it  is  necessary  to  inteorate  a.>d  determine  what  is  common 
and  what  is  uniciue.  The  dota  bases  at  each  level  can  be 
combined  and  tuned;  procedures*  standard  operating 
orocedures  (SCPs),  stn'^iys  ano  doctrine  car  be  developed 
to  interface  and  orovioe  or  the  optimum  utilization  of  the 
EE  I  . 

6.  Prase  vM 

A  final  pnase  could  be  one  which  would  provide  for 
EEI  integration  with  allied  forces  in  NATO.  This  phase 
would  reduire  additional  analysis  and  would  probably 
Generate  a  new  set  of  EEI  based  uoon  new  mission 
reoui regents  and  interfaces. 

The  entire  orocess  » s  not  as  difficult  as  it  mav  seem 

Most  units  have  some  general  concept  of 

4« 


at  f i rst  g 1 ance 


their  oareieular  EEf#  but  they  may  or  may  not  use  or 

validate  the  EEI.  Considerable  time  and  effort  Is  scant 
on  ri(jv*lonim  models  and  war  aames  throughout  the 
military#  orivate  industry#  end  the  academe  community, 
what  would  be  needed  M  systematically  determine  EEI  for 

unmanned  aircraft  is  o rc he s t ra t i on .  The  oromulgation 

of  service  co*oarible  guidelines#  ooals  and  objectives 
would  be  necessary.  wroqress  would  have  to  be 
measured.  The  result  of  such  effort  could  have  far 

reaching  imolications  for  the  following: 

1.  evaluating  the  collection  caoabilities  suDoort ing 
the  commanoe  r , 

?.  s i ? i no  Automated  Information  Handlinq  Systems# 

з.  orioritijinq  Information  Flow  in  Capacity  Limited 
Communications  Channels  or  Message  Centers# 

и.  modeling  a  specific  C3  system  or  systems#  and 

5.  deve 1 oomen t  proposals  for  C3  systems  and  related 
systems. 

If  a  structured  analysis  like  factoring  was  performed 
the  ability  to  understand  and  determine  reouirements 
for  unmanned  aircraft  C3  systems  and  problems  would  be 
enhanced.  The  information  needs  of  the  unmanned 
aircraft  C3  system  would  be  made  e*olicit  and  hence  subject 


to  cdtidam  »r>r 1  <aorov***nt. 
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CHAPTER  V.  gUMMAjn  A NQ  CONCLUSIONS 


A.  SUMMARY 


Tn  co^cjrison  with  nanne'i  aircraft,  tactical 
reifotelv  piloted  aircraft  are  exoected  to  produce  the 
followina  advantages  (as  oreviously  desc r i bed ) : 


1  . 
2, 

з. 

и. 
5. 


a  remotely  oiloted  aircraft  could  attack  much  closer  in, 

would  present  much  less  target  area  to  defending  AAA  and 
SAMs, 


could  d«lay  we  soon  release  until,  very  close  (and  very 
sure), 

could  deliver  ordnance  directly  to  the  target,  and 
wou'd  significantly  reduce  any  risk  of  pilot  loss. 


to  ensure  a  successful  RPA  program 
are  r eau i  red : 


t^e  following 


1.  lowest  possible  cost  of  ownership. 

9.  simple  in  concent. 

3.  no  high-risk  technology. 


Warsaw  pact  Forces  will  be  led  and  employed  accordin.g 
to  Soviet  ooerational  doctrine  which  calls  *or 
offensive  operations  with  highly  mobile/  deeply  echeloned/ 


SI 


and  nu*er  i  ca 1  •  y  superior  land  force*#  supported  by  sir  and 
sea  ocwer.  Terrain  and  visibility  destruction  (sucn  as  fog# 
smoke#  darkness#  adverse  weather#  etc.)  wi  1  I  generally 
limit  rjrounct  orservers  to  a  range  of  5**5  kilometers  beyond 
the  FLOT  for  ooservetion  and  identification  of  hostile 
forces . 

Trie  massive  enemy  threat  indicates  e  reauirement  that 
tne  maximum  number  of  forces  be  detected#  identified# 
ann  destroyed  prior  to  engaging  friendly  forces. 
Destruction  of  enemy  forces  can  be  accomplished  with 
artillery,  attac*  helicopters#  ano  close  air  support#  if 
those  taraets  can  he  identified  and  located  with  sufficient 
accuracy  for  rimelv  tarqeting. 

The  RPA  could  help  overcome  operational  deficiencies 
by  providing  the  maneuver  commander  and  fire 
support  coordinator  with  real-time  combat  information# 
accurate  target  location,  ann  an  observed  target 
enoaaement  capability  nevond  the  ground  lire  of 
sight.  Sucn  information  will  enable  more  timely 
repositioning  of  forces#  more  effective  utilization  of 
conventional  munitions,  and  provide  a  means  of  target 
selection  and  designation  for  precision  quided  munitions 
(PG'^s)  not  currently  available  to  tnc  ground  forces#  without 
subjecting  manned  aircraft  to  the  very  formidable  air 
defense  threat. 


B.  CONCLUSIONS 


At  the  discretion  of  the  around  force  commander#  the 
enemy  forces  may  he  teat  under  observation  utilizing 
the  9PA,  taken  under  conventional  artillery  fire# 
engaged  hv  Tac  Air#  or  be  designated  for  attack  by 
PG^s#  if  so  equipped. 


The  PPA  system  must  contain  a  jam  resistant  data  link 
and  communications  interface  with  information  systems 
for  tactical  command  and  fire  control. 


An  SPA  system  with  a  real-time  data  transmission  (to 
include  rslay/retransmicsion)  capability  can  overcome 
line  of  sight  and  range-  limitations  imoosed  on  ground 
sensors  in  meeting  the  commander's  ne*d  'for  a 
reconnaissance  and  target  aeauisit(onk*«set. 

.  >■  ■  i,l 
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The  R?A  can  provide  improved  operacior.al  -effect fveness' 
by  giving  the  ground  .commander  an  '‘Over  tha  hill*'  look 
and  tariiet  enoaaement  capability  not  cu^renvly 
oosaessedi  by  materially  increasing  the  real-time 
intelligence  and  combat  information  gathering 
capability.  ' 


RPA  systems  can  .si  gr.i  f  i  cant  1  y  decroase  .  noncroduct  i  ve 
ammunition  expend i tyr^s  by  orovjdina  target  /ToCa^ion 
and  burst  correction  information  that  would  provide 
sufficient  accuracy  to  allow  suoportvnq  artillery  to 
fire  for  yf*ect  after  minimal  adjuotment. 


Interooerabi  1  i  ty  iki'th  NATO  Ai  r  Oofense  end  'll,  ft.  Air 


Oefense  must  be  insured  for  developing  RPA  systems* 

In»  Vietnam  experience  has  been  updated  by  more 
recent  Israeli  applications  of  U.  S.  tactics  and 
eauioment  to  more  densely  deoloyed  and  modern  defenses  in 
t  be  'vi  dn  1  e-£  as  t  in  October  of  1973.  U.  S.  suoeriority  in 
air  crew  capabilities  and  more  soob i st i cated 

o f f ense-nr i en t ed  weenons  ana  tactics  a  re  orobably  offset  to 
some  extent  by  oreater  Soviet  emphasis  on  ground**to*ai  r 
defense/  especially  in  Central  Eurooe.  Soviet  measures  such 
as  sensor  redundancy;  frequency#  diversity#  mobility# 
boldness#  emission  control*  and  sheer  numbers  limit  the 
effects  of  most  forms' of  defense  suppression.  The  Soviets 
are  a1 so  expected  to  *ave  superior  intelligence  of  U.  S. 
and  NATO  offensive  and  defensive  systems.  Combining  the 
advantage's  of  taking  the  initiative  and  6f  tight,  security 

with1.;,  ggtfd  * i.n te’i  H pence.  offers  the  Soviets 

■'_■■■.  ">  '  .. ■  v  i 

oooor tuni  t  i  es  for  both  fcactirbt  end/tedhni  cal  Surprise. 

Whatever  doctrines#  tsctics#  and  hardware  the  U.  S. 
intenca  to  use  for  reianse  .suooression  in  Europe  will  have 
t a  be  developed  and  b»  current  in  the  theater  when 
hostilities  begin.1  Commanders  can  adapt  gu’cklv  to  counter 
enemy  initiatives  if  training  has  anticipated  the  need  to 
react  ouic^l'y  to  the  unexpected.  Therefore?#  i  f  KPA  ate 
to  be  added  to  the  aefenSe  arsenal  of  the  United  Stctes# 
the  development  of  these  assets  •‘.hduld  hot  begin  after 
the  initiation  of  hostilities.  The  decision  whether  or  not 


these  PPA  wi 1  I  berome  Dart  of 
arsenal  must  oe  ^abe  now. 
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-  Cl  REQUIREMENTS  FOR  UNMANNED  AIRCRAFT 


The  qene  p  i  c  (•Ifi^nts  and/or  functions  of  a 

military  unmanned  C5  system  (at  whatever  level  of 

command)  cam  De  rtevelooed  in  two  ways.tlfl).  Une  is  to 
focus  on  the  cognitive  functions  of  the  "commander# 
(the  term  "commander"  representing  a  single  person  or  the 
commander  olus  staff  at  any  level  o*  the  command 
structure.)  The  second  is  literally  to  list  the  activities 
that  must  be  occomo 1 i vhed  in  each  of  the  four  major 

functions  which  make  uo  the  comnano-cont ro I  function 
inflow  of  information#  3t aff  suooo- t / f ormul at i on  cf 
decision/issuance  of  orders#  ®nd  technical  machine 

suonort  of  information  orocessing#  storage#  and 

common i ca  t  i  on. 

Consider  the  following  list  that  may  be  pert  of 
tha  CO  -drive  functions  of  the  commander  when  assigned 
military  missions. 


t.  Perceotion  of  the  mission  and? 

a)  the  internal  well-being  of  the 
organization? 

b)  threats  to  the  organ i zet i on ? 

c)  capabilities  of  the  organization  to  act 
within  the  existing  environment  at  each 
moment  in  time# 

d)  response  of  the  organization  (both 
expected  and  actual)  to  direction  given. 

2.  Dec i a i on~mak i nn  in  an  environment  'Ounded  by! 


a)  time  constraints? 

b  J  .  traditional  resoonse  patterns; 

C)  historical  analcaies  to  current  situation? 

-1)  oraan  i  tat  i  onal  motives  and  goals? 

e)  oerceotion  as  set  forth  in  time 
const  raints. 

3.  D i r ec t i on-q i v i ng  which  is  bounded  by: 

a)  limitations  inherent  in  human 

c  o- •"'un  i  c  a  t  i  on  ; 

M  organ i eat i ona 1  reception  capabilities  and 
patterns; 

c)  organ i eat ' ora  1  eaoabilities  at  each  point 
in  time. 

The  list  o*  activities  for  the  major  function  list 
of  item*  pertaining  to  the  generic  component  elements 
of  unnamed  aircraft  c  omman  J-con  t  r  o  I  are  the  following: 

lv  Inflow  of  Information 

a.  Statement  of  reguirements  fcr  information 

(1)  to  intelligence  uni*:s 

(?)  at  hiaher  levels  of  command 

( b )  at  units  subordinate  to  this 
level  of  command 

(2)  to  subordinate  ooorational  units 

(3)  to  adjacent  or  coooerating  operational 
units 

b.  Information  on  own  forces 


f  t ) 

status 

o  f 

subordinate 

combat  and 

service 

e 1 emen  t  s 

(2) 

status 

o  f 

adjacent  and 

cooperat i ng 
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(3)  status  of  Potential  reserves 

(a)  reporting  reau  i  reme-nt  s---bas  i  c  »  as 
modified  by  comba t /c r i s i s  situation 

(a)  oeriodicity 

(b)  format 

(c)  content^type  and  detail  of  data 
needed 

Information  on  the  enemy 

(1)  from  subordinate  intelligence  and 
operational  units# 

(<?)  from  intelligence  units  of  higher 
headauarters 

(a)  from  all  available  senso rs/sources 
ohotint#  comint#  humint#  elint# 
radi nt 

(b)  at  all  levels#  command  target 
sensor's#  recce#  and  surveillance 
systems  that  are  su r v i vab 1 e/ robus t 
in  terms  of  foreseen  combat 
env i ronmen  t 

(3)  reoortina  on  enemv  capabilities# 

movement#  location#  communication 

security#  ECM  and  radar  capabilities 

(4)  reporting  reqv  i  remen  t  s*,“'*bas  i  c  #  as 
modified  by  comba*' /c  r  i  s  i  s 

C  a)  oer i od i c ’ t  v 

(b)  cont ent / t ype  and  detail  of  data 
needed 

(C )  format 

(5)  functions  to  be  performed  by  total 
intelligence  process  at  each  command 
level#  with  sophistication  and 
como) eteness  dependent  on  size  and 
capability  of  staff  available 


(a)  collection 


(b)  processing 


(c )  anal  vs  1  s 
<d)  reoortinq 

( 1 )  to  commander 

(2)  to  subordinate  units 

(3)  to  adjacent/cooperat i ng 
operational  elements 

(4)  to  Maher  headauarters 

(!)  security  of  process  and  output 

2.  Staff  Functions  in  Suonort  of  Unmanned  Aircraft 

Command-Cont  rol 

a.  Operations 

(1)  review  incoming  infomat  ion— own  and 
enemy  forces?  environment 

( 2 )  reoor y  on  current  status 

la)  to  commander 

(b)  to  other  staff  elements 

(c)  bv  direction  of  commander*  to 

higher  headquarters  to  adjacent/ 
coooerg t i no  units 

(3)  disseminate  new  orders  on  approval  of 
commander 

b .  Planning 

(1)  review  incoming  i  n  f  o  rma  t  i  on  —  own  and 
enemy  forces?  environment 

(2)  review  current  operations  to  establish 
base  for  planning  future  operations 

(3)  prepare  future  clans  for  operations 

(a)  at  the  direction  of  commander 

(b)  by  own  initiative 

(4)  review  incoming  i n forma t i on-«-own  and 
enemy  forces?  environment 
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C .  Int*i ! i o§nc» 

(1)  review  incoming  (ntell iqence  information 

(2)  collet  ion 

(3)  anal ys i s/est i mat i nq  of  implications  of 
new  i nf ormat i on 

(4)  reoort  or eoa r a t i on/b r i e f i no 

(a)  to  the  commander 

Co)  to  other  staff  elements 

(c)  bv  direction  of  commander,  to 
hiqher  headquarters  and  tc 
ad i acent /cooperat i ng  units 

(5)  based  on  requests  from  commander, 
other  staff  elements,  and  cwn 
initiative  prepare  reaui rements  for 
information  collection 

Commander/Decision-maker 

a,  Suooo  r  ted  by  actions  o*  staff  and 
technical  services 

(1)  on  basis  of  commander's  stated 

•  reaui regents  (format,  periodicity, 

detail  of  content,  manner  of 
present  at i on,  presentation  aias,  etc.) 
and  staff  initiative,  kept  current  on: 

(a)  intelliqence  of  enemy 

(b)  own  force  one r a t i ons/c aoab i 1 i t i es 

(c)  potential  new  ope  rat i ons/p 1 ans 

(2)  on  own  initiative,  commander  maintains 

personal  communications  with 

subordinate  commander,  odjacent 

commanders,  and  hiqher  headquarter 
commanders 

b.  Initiate  activity  bv  ooe r a t i ons/p 1 ann i nq 
st  a  f  f  s 

(1)  preoare  orders  for  chanqe  ir  current 

ooerat i ons 


f2)  olan  for  subsequent  stages  of 
ooerst i on  3 

c.  Initiate  activity  by  intelligence  Staff 
(:)  to  innrove  ©Derations 

(.2)  to  oa i n  new  information 

d.  Issue  orders  for  change  in  new  ooerations 

(1)  .  on  basis  of  orders  from  higher 

headquarters 

(2)  on  own  initiative*  hut  with  sno^ovsl 
,  of  higher  headquarters  as  reauired 

e.  Con t  ro  I  /#a  i  n t a  i  n  overs  i  oh  t .  o'f  response  to 
this  0,-der 

(1)  bv  requirements  for  recocting 

(2)  by  use  of  reconna i saance  by  own  staff 
members 

4 .  Technical  Suocort 

a.  commun i cat i Ons---adequate  functioning  of 

communications  network  in  combat 

environment.  Networtc  of  facilities 
connecting  subject  command  with  higher  and 
subordinate  h eadaua r t e r s .  Facilities  must 
be : 

(1)  adequate  to  foreseen  information  flow 

(2j  secure  and/or  jam  resistant 

(5)  accurare  in  transmitting  information 

(•J)  surv  i  vab  !  e/rcbust  in  combat 
environment  foreseen 

b.  computer  support 

(1)  information  handling 

( 2 )  dec i s i on  aids 

The  above  listed  items  are  by  no  means  a  complete 
analysis  and  were  offered  only  a~  an  illustration  of  the 
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ire t Hotio 1  onv  ani  a  ooint  from  which  the  development  of 
unmanned  aircraft  C3  retirements  could  he  refined  after 
several  iterations  of  the  ehased  emcees.  If  a  structured 
analysis  is  continued  usino  the  Dhased  approach  the 
information  needs  of  the  RPA  C3  system  will  become 
exolicit  and  hence  subject  to  criticism  and 
i morovement . 
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UNMANNED  AIRCRAFT  SYSTE^  COST  EFFECTIVENESS 


An  excellent  cost  e  f  fee  t  i  v#nm  study  (19J  of 
potential  remotely  ciloUd  aircraft  (RPA)  missions 
yielded  the  following  conclusions:  "Manned  aircraft  with 
unquided  bombs  way  be  acceptable  for  undefended 
targets*  but  result  in  extremely  high  mission  costs  and  crew 
losses  for  operation  aoainst  heavily  defended  targets* 
w  i  m-i  laser-guided  bombs*  manned-system  cost-effectiveness  is 
much  improved*  but  air  crew  losses  Cue  to  high  attrition 
of  the  close-in  desionator  aircraft  may  be  unacceptable  for 
heavily  defended  taroets.  Use  of  small*  reusable  RPA 
taroet  (tesi  orators  to  replace  the  manned  designator  for 
delivery  of  leser-guioed  bombs  eliminates  the  low 
ere-  surv i vao i 1 i t y  levels  of  the  manned  designator*  and 
further  reduces  mission  cost  by  a  factor  of  four 
in  strong-defense  environments.  An  expendable  air- 
launched  RPA  desionator  has  the  same  effect  on  air  crew 
survivability*  but  •  mission  cost  is  about  a  factor  of  two 
or  tnree  higher*  even  thouah  RPA  launch  and  recovery 
field  operation  ere  eliminated.  An.  RPA  delivering  laser- 
guided  bombs  ha?  the  lowest  operational  cost  of  all 
system?  evaluated  and  performs  its  mission  without  risk  to  a 
crew,  althouah  field  ooerations  are  complicated  by 
additional  command  and  control  launch*  and  recovery 
functions.  An  alternative  to  RPA  is  the  u9e  of  the 
stand-off  missiles  on  manned  aircraft  with  mission  costs 
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fifteen  to  twentv-five  times  ar**t*r  then  RPAJ  there  it  some 
ri$<  to  the  eir  crews,  but  it  is  at  the  lowest  level  of  ell 
manned  systems  studied.  3 1  and-of f  missiles  ere  also 
competitive  in  cost  with  manned  delivery  of  laser-quided 
bombs  at  hiqh  defensive  attrition  levels*  MPA  delivering 
unnutaen  homos  are  not  competitive  with  menned  eircreft  et 
low  defensive  attrition!  nor  with  K'PA  with  laser-quided 
bcmhs#  however,  t  ney  are  more  cost-effective  than  manned 
aircraft  with  unquirted  bombs  above  an  attrition  level  of 
0.0035,  PPA  deliverino  stand-off  missiles  do  not  offer  any 
cost  advantage  over  manned  aircraft  delivery  systems.” 

"A  small  reusable  PPA  target  designator  eauipped  with 
a  laser  to  marv  the  target  is  an  attractive  an d 
versatile  system  and  can  pe  used  with  a  number  of 
different  laser-directed  weapon  delivery  systems  to 
provide  low  mission  costs  and  insensitivity  to 
defensive  capability.  Use  of  a  Boeing  747  -type  aircraft  as 
a  carrier  and  platform  for  delivery  of  long-range  laser- 
guioea  weapons  operating  with  a  PPA  target  designator  offers 
a  particularly  versatile  and  cost-effective  system." 

"In  general,  PPA  missions  will  concern  strike  using 
laser  designation  and  multiple  weapon  delivery.  To 
perform  such  missions,  the  PPA  will  be  auid-d  by  automatic 
means  through  Dort;ors  of  the  scenario  ^  i  t.  h  the  human 
operator  servina  as  a  monitor  ano  providing  instructions  by 
mission  ohase  with  override  capability  for  manual  control 
only  as  this  appears  to  be  reaui red  by  the  particularities 
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©t  the  Situation.  Missions  with  other  intent  will  also 
depend  unon  sianificent  levels  of  automation  altnoucjh 
the  particular  tradeoff  between  onboard  computation  and 
computation  at  the  control  site  remains  to  be  determined*" 
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